We study the recent e ± cosmic ray excess reported by DAMPE in a Hidden Valley Model with lepton-portal dark matter. We find the electron-portal can account for the excess well and satisfy the DM relic density and direct detection bounds, while electron+muon/electron+muon+tau-portal suffers from strong constraints from lepton flavor violating observables, such as µ → 3e.
I. INTRODUCTION
Gravitational effects have inferred the existence of dark matter (DM) in our universe. The weakly interacting massive particles (WIMPs), one of the most popular candidates of particle dark matter, have been investigated for decades. A wealth of experiments have been carried out in search of these elusive particles, but to no avail. Direct detection experiments aim to observe the scattering between the dark matter and the nucleus. The recent strong limits have excluded spin-dependent cross sections above ∼ 2-4 × 10 −41 cm 2 at the 90% C.L. for a WIMP mass of ∼ 40GeV [1] , and spin-independent cross sections above 7.7 × 10 −47 cm 2 for a WIMP mass of 35 GeV [2] . Terrestrial experiments searching for the mono-X signatures at colliders also impose stringent bounds on various WIMP DM models. Besides, indirect detection via observing cosmic-rays, gamma-rays and neutrinos also provides a promising way to probe DM, such as PAMELA [3] , AMS-02 [4] , Fermi-LAT [5] and CALET [6] .
Recently, the DArk Matter Particle Explorer (DAMPE) satellite experiment [7] released their first results on the total flux of e ± cosmic ray up to 5 TeV [8] . A tentative sharp peak at ∼ 1.4 TeV is reported, but no related excess in the anti-proton flux is observed, which implies a nearby monoenergetic electron source. By fitting the energy spectrum of e ± , it is found that a sub-halo composed of 1.5 TeV DM 0.1 ∼ 0.3 kpc away from the solar system can account for such an e ± cosmic ray excess [9] . The corresponding DM annihilation cross section < σv > is around 3 × 10 −26 cm 3 /s. Several possible DM models for explaining DAMPE observation are proposed in [10] [11] [12] [13] [14] [15] [16] [17] .
In this paper, we interpret this DAMPE excess with a lepton-portal Dirac fermion DM in Hidden Valley Model. The spontaneous breaking of the dark gauge group leaves us with an unbroken global symmetry, which forbids the majorana mass terms and preserves the stability of the DM as well. The heavy scalar mediator that is charged under both the SM and dark gauge group connects the DM and SM leptons. We consider the constraints of DM relic abundance, direct detection and low energy observables, and we explore the potential of probing such lepton-portal DM through the process pp → 2 + E miss T at a 100 TeV hadron collider. The structure of this paper is organized as follows. In Section II, we introduce our model. In Section III, we present numerical results on the various constraints and signals, and offer discussions. Finally, we draw our conclusions in Section IV. 
Here, χ is the vector-like fermionic dark matter candidate, φ is the mediator that communicates between the dark sector and the standard model (SM), and H is the SM Higgs doublet. Therefore φ should be heavier than χ, i.e., m φ > m χ . A µ is the gauge boson field corresponding to the U (1) gauge group, with F µν = ∂ [µ A ν] being its field strength tensor.
χ, φ carry the same U (1) charge Y = 0. Four-scalar couplings κ 1 and κ 2 are inevitable in our model, but for simplicity we just consider the case that these two couplings are small enough and have no influence in our analysis below. The quantum numbers of the dark sector particles are summarized in Tab. I.
FIG. 1:
Feynman diagrams contributing to the µ → 3e processes.
In Eq. (1) , the coupling λ i φχP R e i R + h.c. induces the interactions between the SM and the dark sector, where i runs from e, µ, and τ . It should be noted that the non-zero λ for three generations will lead to the lepton flavor violating processes at one-loop level, such as µ → 3e, as shown in Fig. 1 . The dominant contribution comes from the effective operator
where we have neglected all terms proportional to m µ,e . Then, we can have the branching ratio of µ → 3e,
A typical result is calculated to be about ∼ 10 −10 in the case that λ 1,2 ∼ 1 and m φ m χ = 1.5 TeV, given a correct dark matter relic density. This is about two orders of magnitude larger than the current bound, Br(µ → 3e) < 10 −12 [18] . Therefore, we assume λ 2 = λ 3 = 0 for simplicity in our following calculations.
In Eq. hyper-charge. In this paper, we assume this to be small enough to be ignored.
III. NUMERICAL RESULTS AND DISCUSSIONS
In this paper, we fix the dark matter mass m χ at1500 GeV, and require that m φ > m χ .
The main annihilation channel is the t-channel χχ → e + e − shown in the left panel in Fig. 2 .
We compute the dark matter relic density by micrOMEGAs 4.3.5 [19] and require our samples to satisfy the DM relic density given by PLANCK data, Ω DM h 2 = 0.1199 ± 0.0027 [20] . In Fig. 3 , we plot the contour of DM relic density within 3σ region of Planck measurement on the plane of Yukawa coupling λ e versus mediator mass m φ . We can see that the Yukawa coupling λ e has to be larger than 1.4 for the mediator with a mass heavier than 1.5 TeV.
Besides, it should be noted that the dip of the curve is caused by the coannihilation effect when the DM mass is close to the mediator mass. We also show the cross section times velocity in the v → 0 limit. We can see that the requirement of σv ∼ 3 × 10 −26 cm 3 /s imposes a strong bound on the mediator mass m φ , which has to be around 1.5 TeV.
Although the lepton-portal DM has no tree-level coupling with the nucleons, it can scatter with the nucleons at one-loop level, as shown in Fig. 4 . The effective averaged DM-nucleon cross section is given by,
where µ χN is the reduced mass of the DM-nucleon system, e is the electro-magnetic coupling 
where m e originally indicates the mass of an electron. However, as the mass of the electron is below the exchange momentum of the scattering process, m e should be replaced by the scale ∼ µ χT v, where µ χT is the reduced mass of the dark matter-xenon target system. Varying m e from 0.1µ χT v to √ 2µ χT , together with the uncertainty of the dark matter relic density, we give a band of the predicted effective spin-independent DM direct detection cross section with a nucleon in Fig. 5 . The current most stringent Xenon-1T bound from the Ref. [2] is also plotted there.
The lepton-portal dark matter can also scatter with the electrons. The effective operator can be written as
Here, Fierz identity has been applied, as well as the approximation
The cross section will be significantly amplified if m φ approaches m χ . However, as long as m φ − m χ > 1 GeV, and is far below the 10 −34 -10 −32 cm 2 current bound, extracted in Ref. [22] . On the other hand, for cosmic-ray constraints, it has been shown in [9] that an electron-portal 1.5TeV DM is consistant with Fermi-LAT observation [23, 24] . H.E.S.S. gamma-ray limit is also too weak to constrain our scenario [25, 26] .
Next, we discuss the collider phenomenology of our model. Since φ carries hypercharge, it can be pair-produced through s-channel via a photon or a Z-boson and then decay into an electron plus a dark matter particle. Due to the relatively large dark matter mass in our scenario, final state A radiation is negligible [27, 28] . So this will produce the dilepton with large missing energy signature at the LHC [29] . Cross section of φφ * at 14 TeV LHC is found to be about 2.8 × 10 −7 pb, which is much lower than the current sensitivity of LHC searching for two leptons with large missing energy events. Furthermore, we perform the simulations of such process at a 100 TeV hadron collider with MadGraph5 [30] , Pythia6 [31] , Delphes [32] and FastJet [33] . In order to uncover signals with vastly different mass splitting between the mediator and dark matter, we propose three signal regions, which are called "Loose", "Middle", and "Tight", respectively. Following is our cut flow and categorization criteria:
• Veto events containing jets or muons with p T >30GeV and |η| <2.4. • Require two electrons with p T >30GeV, |η| <2.4, and opposite charges.
• Define two variables m ll and m T 2 based on the 4-momentum of these two electrons.
Here m ll is the invariant mass of this electron pair, and m T 2 is defined as:
with:
• If an event has m ll >100GeV and m T 2 >100GeV, then this event counts as "Loose";
if this event has m ll >300GeV and m T 2 >300GeV, then it counts as "Middle"; if this event has m ll >500GeV and m T 2 >500GeV, then it counts as "Tight".
The SM background mainly originates from on-shell/off-shell ZZ or W W pair production.
The reducible pp → tt contribution is also taken into account. The expected signal and background event numbers at 20 and 100 ab −1 are listed in Tab. II. We can see that the significance S/ √ B can be 2.30σ and 5.14σ for m φ = 2.2 TeV if the integrated luminosity of a 100 TeV hadron collider can reach 20 ab −1 and 100 ab −1 , respectively.
IV. CONCLUSIONS
We investigated the excess of cosmic-ray e ± reported by DAMPE in a Hidden Valley
Model with the lepton-portal dark matter. The DMs directly annihilate into leptons through t-channel. The electron-portal can successfully explain the e ± excess and satisfy the DM relic density and direct detection bounds. However, electron+muon/electron+muon+tau-portal is tightly constrained by the lepton flavor violating observables, such as µ → 3e. We also analyzed the observability of production process pp → φφ * → 2e + E miss T in our model and found that it may be probed at a 100 TeV hadron collider.
